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(54) Exhaust gas recirculation valve 

(57) An exhaust gas recirculation valve (10) for 
installation between an air intake (12) and an exhaust of 
an engine comprising a housing (18) having a first (20), 
second (22), and third (24) sides, a first bore (26) open- 
ing through the first side for connection with the air 
intake, a second bore (28) opening through the second 
side for receiving exhaust gas from the exhaust, a third 
bore (30) opening through the first side for connection 
with the air intake, and a fourth bore (32) opening 
through the third side and passing in succession 
through the first bore, the second bore and the third 
bore; a valve stem (34) positioned in the fourth bore and 
extending out of the third side of the housing; a valve 
seat (36) in the fourth bore at the opening (38) of the 
second bore to the third bore; an annular seal (40) 
mounted in the fourth bore at the opening (42) of the 
first bore to the second bore; a valve head (44) on the 
valve stem within the second bore and normally in 
engagement with the valve seat; a sleeve (46) mounted 
on the valve stem and sealingly engaged with the seal 
to substantially seal the first bore from the second bore; 
actuating means (50) mounted on the housing and con- 
nected to the valve stem, which, on actuation, moves 
the valve stem to disengage the valve head from the 
valve seat. EQR valve suitable for use with a diesel 
engine or an engine requiring large EGR rates. 
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Description 

Technical Field 

[0001 ] The present invention relates to an exhaust gas 
recirculation valve (EGR valve) for a diesel engine or a 
gasoline direct injection (GDI) engine. 

Background of the Invention 

[0002] Exhaust gas recirculation is used to allow a 
controlled amount of oxygen depleted exhaust gas to be 
mixed with inlet air flowing to an engine for combustion 
in the cylinders of the engine, EGR valves are used to 
reduce NO^ emissions from engine exhaust gases. 
Electrically actuated EGR valves are now well known for 
current petrol/gasoline engines. However, these 
designs of EGR vaive are generally unsuitable for diesel 
engines due to the substantially different requirements 
and operating conditions of a diesel engine when com- 
pared to a petrol/gasoline engine. Diesel engines using 
EGR valves are known, but these EGR valves are oper- 
ated by large vacuum operated diaphragms which are 
generally too slow. 

Summary of the Invention 

[0003] It is an object of the present invention to pro- 
vide an EGR valve which is suitable for use with an 
engine which requires high EGR rates. 
[0004] An exhaust gas recirculation valve in accord- 
ance with the present invention for installation between 
an air intake and an exhaust of an engine comprises a 
housing having a first, second, and third sides, a first 
bore opening through the first side for connection with 
the air intake, a second bore opening through the sec- 
ond side for receiving exhaust gas from the exhaust, a 
third bore opening through the first side for connection 
with the air intake, and a fourth bore opening through 
the third side and passing in succession through the first 
bore, the second bore and the third bore; a valve stem 
positioned in the fourth bore and extending out of the 
third side of the housing; a vaive seat in the fourth bore 
at the opening of the second bore to the third bore; an 
annular seal mounted in the fourth bore at the opening 
of the first bore to the second bore; a valve head on the 
valve stem within the second bore and normally in 
engagement with the valve seat; a sleeve mounted on 
the valve stem and sealingly engaged with the seal to 
substantially seal the first bore from the second bore; 
actuating means mounted on the housing and con- 
nected to the valve stem, which, on actuation, moves 
the vaive stem to disengage the valve head from the 
valve seat. 

[0005] The present invention provides an EGR valve 
which is suitable for use with a diesel engine or an 
engine requiring high EGR rates, such as a GDI engine. 
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Brief Description of the Drawinos 

[0006] The present invention will now be described, by 
way of example, with reference to the accompanying 
5 drawings, in which:- 

Figure 1 is a cross-sectional view of a first embodi- 
ment of exhaust gas recirculation valve in accord- 
ance with the present invention; and 
w Figure 2 is a cross-sectional view of a second 
embodiment of exhaust gas recirculation valve in 
accordance with the present invention. 

Description of the Preferred Embodiment 

15 

[0007] Referring to Figure 1 , the first embodiment of 
exhaust gas recirculation (EGR) valve 10 in accordance 
with the present invention is shown when secured to an 
air intake manifold 12 of a diesel or other engine of a 
20 motor vehicle. The air intake manifold 12 has a side 
opening 1 4 across which the EGR valve 10 is secured In 
a substantially air-tight manner with a gasket 16 there- 
between. 

[0008] The EGR valve 10 includes a housing 18 hav- 
25 Ing a first side 20 securable to the air intake manifold 1 2 ; 
a second side 22 on the opposed side of the housing to 
the first side, and a third side 24 extending between the 
first and second sides. The housing 18 has a first bore 
26 which opens through the first side 20 into the side 
30 opening 14 in the air intake manifold 12; a second bore 
28 which opens through the second side 22 and which 
is connected to the exhaust system (not shown) of the 
diesel engine to receive exhaust gas from the exhaust 
system; a third bore 30 which opens through the first 
35 Side 20 into the side opening 14 in the air intake mani- 
fold; and a fourth bore 32 which opens through the third 
side 24. The fourth bore 32 passes in succession, from 
the third side 24, through the first bore 26, the second 
bore 28, and the third bore 30. The fourth bore 32 has a 
40 longitudinal axis A. The first, second and third bores 26- 
30 may be formed as slots in the housing 18. 
[0009] A valve stem 34 is positioned in the fourth bore 
32, has a longitudinal axis aligned with the axis A, and 
extends out of the housing 18 at the third side 24. A 
45 valve seat 36 is positioned in the fourth bore 32 at the 
opening 38 between the second bore 28 and the third 
bore 30. The valve seat 36 is either a separate insert as 
shown, or may be integrally formed in the housing 18. 
An annular seal 40 is positioned in the fourth bore 32 at 
50 the opening 42 between the first bore 26 and the sec- 
ond bore 28. A valve head 44 is mounted on the valve 
stem 34 on the second bore side of the opening 38, and 
normally engages the valve seat 36 to close the open- 
ing 38. As an alternative, the valve head may be inte- 
55 grally formed with the valve stem. A closed sleeve 46 is 
mounted on a tubular spacer 47 on the valve stem 34 
and sealably engages the annular seal 40 to close the 
opening 42 between the first bore 26 and the second 
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bore 28. The spacer 47 can ensure a predetermined 
axial separation between the sleeve 46 and the valve 
head 44. The mounting arrangement between the 
spacer 47 and the sleeve 46 is preferably such the 
sleeve 46 can rotate about, and move laterally by a lim- 5 
ited amount, relative to the axis A to compensate for 
manufacturing tolerances to reduce the risk of sticking 
between the sleeve 46 and the annular seal 40. The 
fourth bore 32 is closed at the third bore 24 by an annu- 
lar bushing 48. The annular bushing 48 has a tubular to 
portion 50 through which the valve stem 34 extends, 
which provides a bearing support for the valve stem, 
and which substantially closes the first and fourth bores 
26,32 from atmosphere. 

[001 0] An actuator in the form of an electromagnetic 15 
solenoid 52 is secured to the third side 24 of the housing 
18. The solenoid 52 has an armature 54 which is 
secured to the valve stem 34. On actuation of the sole- 
noid 52, the valve stem 34 pulls the valve head 44 away 
from the valve seat 36 to allow exhaust gas in the sec- 20 
end bore 28 to pass through the opening 38 into the 
third bore 30 to mix with air in the air intake manifold 1 2. 
During actuation of the solenoid 52, the closed sleeve 
46 remains in sealing contact with the annular seal 40. 
The operation of the solenoid 52 may be controlled by 25 
any suitable means, but is preferably operated depend- 
ent on signals from an engine control system which may 
calculate from suitable sensors (not shown) the 
required position of the valve stem 34. On de-actuation 
of the solenoid 52, the valve head 44 moves back into 30 
engagement with the valve seat 36 under the influence 
of exhaust gas pressure acting on the valve head, and 
gravity (where the solenoid 52 is positioned above the 
housing 18, as shown in Figure 1). A spring (not shown) 
may also be positioned inside the solenoid 52, or a posi- 35 
tlon sensor 56 associated with the solenoid, to act on 
the armature to bias the valve head 44 into engagement 
with the valve seat 36. 

[0011] The present invention provides an EGR valve 
which Is suitable for use with a diesel engine of a motor 40 
vehicle, especially diesel engines up to around 3000 cc. 
The arrangement of the annular seal 40. closed sleeve 
46 and first bore 26 allows any exhaust gas which seeps 
past the valve stem 34 to entei' the air intake manifold 
reducing the risk of seepage to atmosphere. This 45 
arrangement also reduces exhaust flow past the inter- 
face of the valve stem 34 with the tubular portion 50 
thereby reducing the risk of carbon build up, corrosion 
damage, and sticking. Closing of the valve head 44 
against the valve seat 36 under the influence of exhaust so 
gas pressure provides a fail-safe arrangement for the 
EGR valve 10 in that the valve will be closed should the 
solenoid 52 fail. 

[0012] The surface area of the closed sleeve 46 
exposed to exhaust gas pressure in the second bore 28 ss 
is preferably sligfitly less than the surface area of the 
valve head 44 exposed to exhaust gas pressure in the 
second bore 28 to provide a substantially pressure bal- 



anced valve arrangement with a pressure closing bias. 
Such an arrangement helps to reduce the power 
needed by the solenoid 52 to move the valve head 44 
away from the valve seat 36 against the pressure 
exerted on the valve head by the exhaust gas in the sec- 
ond bore 28. Modifications can be made to the above 
described embodiment. For example, other forms of 
actuator may be used besides an electromagnetic sole- 
noid; and the first and second sides of the housing may 
be adjacent. 

[0013] In the second embodiment of EGR valve 100 
shown in Figure 2, like parts have been given the same 
reference numeral as In Figure 1 . In this second embod- 
iment, when compared to the first embodiment, the 
valve head and the closed sleeve have been replaced 
by a single component, a bucket valve 60. The bucket 
valve 60 has a cross-section which is substantially U- 
shaped with an outer wall 62 which makes a sealing 
sliding fit with the annular seal 40, and a base wall 64 
which defines a valve head engaging the valve seat 36. 
The bucket valve 60 is preferably capable of rotating 
about, and moving laterally by a small amount, relative 
to the valve stem 34 to reduce the risk of sticking 
between the outer wall 62 and the sea! 40. The base 
wall 64 may include apertures 66 which allow air to cir- 
culate through the EGR valve 100 from the first bore 26 
to the third bore 30 when the valve is closed. The aper- 
tures 66 also assure that the pressure In the first bore 
26 is the same as that acting on the base wall 64 for all 
positions of the bucket valve 60. As a further modifica- 
tion, the valve stem 34 has an enlarged head 68 at its 
end remote from the solenoid 52. and the bucket valve 
60 Is mounted on the valve stem in such a way as to 
allow small amount of relative movement between the 
bucket valve and the valve stem along axis A. With this 
latter arrangement, on actuation of the solenoid 52, the 
valve stem 34 initially moves relative to the bucket valve 
60 until the head 68 strikes the base wall 64, and then 
both the valve stem and the bucket valve move together 
to open the second bore 28 to the third bore 30. The 
engagement of the head 68 on the base wall 64 assists 
in the disengagement of the bucket valve 60 from the 
valve seat 36 against the pressure of the exhaust gas. 
and assists in the disengagement should the bucket 
valve 60 stick to the valve seat 36. Still further, the bush- 
ing 48 Is integrally mounted on the housing 18 to define 
the third side 24 of the housing and is shaped internally 
to define a portion of the first bore 26 of the EGR valve 
100. 

Claims 

1. An exhaust gas recirculation valve for installation 
between an air Intake and an exhaust of an engine 
comprising a housing having a first, second, and 
third sides, a first bore opening through the first side 
for connection with the air intake, a second bore 
opening through the second side for receiving 
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exhaust gas from the exhaust, a third bore opening 
through the first side for connection with the air 
Intake, and a fourth bore opening through: the third 
side and passing in succession through the first 
bore, the second bore and the third bore; a valve 5 
stem positioned in the fourth bore and extending 
out of the third side of the housing; a valve seat in 
the fourth bore at the opening of the second bore to 
the third bore; an annular seal mounted in the fourth 
bore at the opening of the first bore to the second 10 
bore; a valve head on the valve stem within the sec- 
ond bore and normally in engagement with the 
valve seat; a sleeve mounted on the valve stem and 
sealingly engaged with the seal to substantially seal 
the first bore from the second bore; actuating 75 
means mounted on the housing and connected to 
the valve stem, which, on actuation, moves the 
valve stem to disengage the valve head from the 
valve seat. 

20 

2. An exhaust gas recirculation valve as claimed in 
Claim 1 , wherein the first side is on the opposed 
side of the housing to the second side. 

3. An exhaust gas recirculation valve as claimed in 25 
Claim 1 or Claim 2, wherein the actuating means is 
mounted on the third side of the housing. 

4. An exhaust gas recirculation valve as claimed in 
any one of Claims 1 to 3, wherein the actuating 30 
means is an electromagnetic solenoid. 

5. An exhaust gas recirculation valve as claimed in 
any one of Claims 1 to 4, wherein the surface area 

of the sleeve exposed to the second bore is sub- 35 
stantially the same as, or slightly less than, the sur- 
face area of the valve head exposed to the second 
bore. 



therein to provide a flow path from the First bore to 
the third bore when the valve head is in engage- 
ment with the valve seat. 

10. An exhaust gas recirculation valve as claimed in 
any one of Claims 1 to 9, wherein the sleeve is 
capable of rotating about, and moving laterally by a 
small amount, relative to the valve stem. 
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6. An exhaust gas recirculation valve as claimed in 40 
any one of Claims 1 to 5, wherein the valve stem 
extends through a tubular portion of a bushing 
mounted on the third side of the housing. 

7. An exhaust gas recirculation valve as claimed in 45 
Claim 6, wherein the bushing defines the third side 

of the housing, and defines internally a portion of 
the first bore. 



8. An exhaust gas recirculation valve as claimed in so 
any one of Claims 1 to 7. wherein the valve head 
and the sleeve are integrally formed as a bucket 
valve having a substantially U-shaped cross-sec- 
tion with a base wall defining the valve head and an 
outer wait defining the sleeve. 55 

9. An exhaust gas recirculation valve as claimed in 
Claim 8, wherein the base wall has apertures 
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(54) Exhaust gas recirculation valve 

(57) An exhaust gas recirculation valve (10) for 
installation between an air intake (12) and an exhaust of 
an engine comprising a housing (18) having a first (20), 
second (22), and third (24) sides, a first bore (26) open- 
ing through the first side for connection with the air 
intake, a second bore (28) opening through the second 
side for receiving exhaust gas from the exhaust, a third 
bore (30) opening through the first side for connection 
with the air intake, and a fourth bore (32) opening 
through the third side and passing in succession 
through the first bore, the second bore and the third 
bore; a valve stem (34) positioned in the fourth bore and 
extending out of the third side of the housing; a valve 
seat (36) in the fourth bore at the opening (38) of the 
second bore to the third bore; an annular seal (40) 
mounted in the fourth bore at the opening (42) of the 
first bore to the second bore; a valve head (44) on the 
valve stem within the second bore and normally in 
engagement with the valve seat; a sleeve (46) mounted 
on the valve stem and sealingly engaged with the seal 
to substantially seal the first bore from the second bore; 
actuating means (50) mounted on the housing and con- 
nected to the valve stem, which, on actuation, moves 
the valve stem to disengage the valve head from the 



valve seat. EGR valve suitable for use with a diesel 
engine or an engine requiring large EGR rates. 

Fig.1. 
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